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TITLE 

"A METHOD OF GENOTYPING" 
FIELD OF THE INVFNITION 
THIS INVENTION relates to a method for determining 
5 genetic relationships between individuals and groups of individuals. 

BACKGROUND OF THE INVENTION 
In relation to the background of the invention, it is intended 
to split this into two parts, i.e. (i) conventional genotyping techniques and 
(ii) detection and comparison of DNA sequences based on melting 
10 temperature. 

(0 Conventional Genotyping Techniques 

"Genotyping", as used hereinafter, is a process for 
determining genetic relatedness between individuals and groups of 
individuals, according to genotype. The genetic makeup characteristic of 
1 5 a particular individual or group of individuals will hereinafter be referred to 
as a "genotype". For the purposes of this specification, an "individual" is 
any biological entity possessing a genome, and can include an acellular 
entity such as a virus. A "group of individuals" is two or more such 
individuals. 

20 Genotype is often characterized according to regions of 

genomic DNA that are "polymorphic" with respect to nucleotide sequence. 
"Polymorphism" is a feature characteristic of genomes, and refers to the 
occurrence of variable forms of one or more regions of DNA therein. 
According to this definition, "polymorphic" regions of DNA vary between 

25 individuals or groups of individuals in terms of sequence length, base 
composition, continuity or degree of repetition. "A polymorphism" is 
therefore a variant of a particular region of genomic DNA, for example. 
Such polymorphisms can be inherited, can arise somatically, or through 
specialized mechanisms such as immunoglobulin gene rearrangement 

30 and hypermutation. Different individuals, or groups of individuals, can 
therefore be distinguished genotypically according to these 
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polymorphisms 

Genotyping is widely used in plant and animal breeding, 
forensic science, forestry, the study of inherited disease, organ donation 
and transplantation. The importance of genotyping resides in the fact a 
5 particular genotype often underlies a phenotypic trait. For example, in 
order to introduce a phenotypic trait into an individual or group of 
individuals, such as through selective breeding, it is important to be able 
to correlate a particular phenotypic trait with a particular genotype. 

In some cases, a polymorphic region of DNA useful for 

10 genotyping is a "locus". Usually, a locus correlates with a specific 
phenotypic trait, and in many cases encodes a protein. Alternative forms 
of a particular polymorphic locus are designated "alleles". A typical 
example in humans would be the various heritable allelic forms of the 
major histocompatibility complex loci. However, other polymorphisms are 

15 also useful in genotyping, in particular, those that include repetitive DNA 
elements such as minisatellites (Jeffreys et a/., 1985, Nature 314 67), 
microsatellites (Tautz & Renz, 1984, Nucl. Acid. Res. 12 4127) and 
variable number tandem repeats (Nakamura et a/., 1987, Science 235 
1616). Such repetitive sequences are rapidly evolving (Flavell et a/., 

20 1982, Chromosomal DNA sequences and their organisation. In: 
Encyclopaedia of Plant Physiology, New Series, 14B 46-74) and highly 
polymorphic between individuals and groups of individuals (Tautz et a/., 
1986, Nature 322 652), and are therefore very suitable for genotyping. 

One of the first methods used for genotyping is restriction 

25 fragment length polymorphism (RFLP) analysis (Nathans & Smith, 1975, 
Ann. Rev. Biochem. 46 273). This method takes advantage of 
polymorphisms that result in the loss or appearance of restriction enzyme 
sites in polymorphic regions of DNA. The presence or absence of these 
restriction sites results in differences in the size of DNA fragments 

30 resulting from restriction enzyme digestion. Size fractionation of the 
digested DNA followed by hybridization with a probe complementary to 
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the expected restriction fragment allows the identification of differences in 
restriction fragment length, indicative of polymorphic variation. 

More recently, methods employing nucleic acid amplification 
techniques, such as the polymerase chain reaction (PCR), have become 
5 important in genotyping. Such techniques allow: - 

(i) the detection of nucleotide changes that create mis- 
matched PCR primer annealing sites and thus 
differences in PCR product intensity or the presence 
or absence of PCR product; 
1 0 (») tne detection of "lost" primer annealing sites, such as 

through deletion events or hypermutation, by 
observing the presence or absence of a PCR 
product; and 

(iii) the detection of differences occurring through 
insertion or deletion of intervening nucleotide 
sequences, by comparison of PCR product size. 
All of the abovementioned methods require knowledge of 
sufficient nucleotide sequence to allow analysis of specific polymorphic 
loci. However, alternative PCR-based genotyping methods have been 
20 devised that do not require such knowledge. Randomly amplified 
polymorphic DNA (RAPD) sequences are PCR products generated using 
primers of arbitrary sequence which anneal at multiple sites within a given 
DNA template (Williams ef a/., 1990, Nucl. Acid. Res. 18 6531; Welsh & 
McClelland, 1990, Nucl. Acid. Res. 18 7213). The resultant pool of PCR 
25 products constitute a "fingerprint" characteristic of a particular genotype, 
without the identity of any of the products necessarily being known. 

Amplified fragment length polymorphism (AFLP) can also be 
performed without prior sequence knowledge (Vos et a/., 1995, Nucl. 
Acid. Res. 23 4407). This technique, like RFLP. takes advantage of 
restriction site variability, and uses a PCR approach similar to RAPD in 
order to amplify the restriction fragments to the required level of 
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detectability. Again, the amplified fragments provide a "fingerprint" 
characteristic of a particular genotype. 

A characteristic of polynucleotide sequences that include 
regions of complementary base-pairing, is that at a particular 
5 temperature, hereinafter referred to as the "melting temperature" or T m ", 
complementary base-pairing is disrupted. The characteristic T m of a 
particular polynucleotide sequence depends primarily upon the guanine 
(G) and cytosine (C) base content of the sequence, and to a lesser extent 
on the length of the polynucleotide sequence. A commonly used empirical 
10 formula describing this relationship is:- 

T m =K+0.41(%G+C)-500/L 
where K = log 10 {[salt]/1 .0+0.7x[salt]} 
and L = sequence length 

and [salt] = the molar concentration of salt present in the 

15 preparation that contains the polynucleotide sequence; salt 

would include the chloride or acetate salts of sodium, 
potassium, magnesium or ammonium, such as commonly 
used in preparations of polynucleotide sequences. 
Additionally, G + C distribution within a polynucleotide 
20 sequence can also affect T m : GC "clamps" at each end of a 
polynucleotide sequence can increase T m without increasing the overall G 
+ C content. 

Thus, differential T m can be used as an indicator of 
nucleotide sequence differences due to sequence length, base 

25 composition and base distribution. A method used in genotyping that 
takes advantage of T m is Denaturing Gradient Gel Electrophoresis 
(DGGE; Folde & Loskoot, 1994, Hum. Mut. 3 83). According to this 
method, DNA fragments are electrophoresed through a gel made with a 
gradient of denaturant such as urea, so that as the DNA fragment 

30 encounters increasing concentrations of denaturant, the T m is effectively 
lowered due to disruption of complementary base-pairing by the 
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denaturant. The strands therefore begin to dissociate, resulting in a more 
"relaxed" conformation and impaired migration through the gel. T m 
differences between DNA fragments derived from specific polymorphic 
loci can therefore be detected on the basis of gel migration differences. 
5 All of the above methods use gel electrophoresis, and DNA 

fragments are visualized either by ethidium bromide staining or by 
hybridization with specific probes. Such probes can be prepared by 
radiolabeling, or adapted for chromogenic detection by the incorporation 
of enzymes such as alkaline phosphatase,- or for chemiluminescent 
1 0 detection via horseradish peroxidase. The chromogenic detection method 
has been incorporated into microscale detection systems such as those 
based on the ELISA method. 

Major disadvantages, therefore, are that gel electrophoresis 
together with techniques for visualization of DNA fragments require 
15 multiple complex steps, are time consuming, potentially hazardous and 
difficult to automate for the purposes of high-throughput genotyping. 

Detection and compariso n of DNA sequences baser! nn 
melting temperature? 

Methods of analyzing polynucleotide sequences according 
20 to melting characteristics have been developed. These methods can be 
categorized into three different types:- 

(1) measuring a signal from a specifically bound reporter 
molecule which indicates the presence or absence of 
a polynucleotide sequence; 
25 ( 2 ) generating a "melt curve" as an indicator of the 

presence or absence of a polynucleotide sequence; 
and 

(3) an extended version of (2), whereby melt curves are 
compared, each melt curve being characteristic of a 
30 distinct polynucleotide sequence. 

With regard to (1), this type of method utilizes reporter 



WO 99/12031 PCT/AU98/00700 

6 

molecules, and in particular, fluorescent reporter molecules, which bind to 
polynucleotide sequences. In a typical example of this method, 
temperature is increased up to and beyond the T m so that base-pairing is 
disrupted. If the fluorescent reporter molecule is irradiated with incident 
5 tight of a suitable wavelength to excite light emission by the fluorescent 
molecule, the disruption of base-pairing that occurs as temperature 
increases would be indicated by measuring a decrease in a light emission 
signal provided by the fluorescent molecule. 

This decrease in emission is primarily due to the fact that 

10 the amount of light emitted per fluorescent molecule is much greater when 
the molecule is bound to polynucleotide sequences that contain 
substantial regions of complementary base-pairing, such as double- 
stranded DNA (or to a lesser extent single-stranded DNA that includes 
regions of internal base-pairing). In the case of the fluorescent molecule 

15 EtBr, intercalation of the molecule between the hydrophobic faces of 
adjacent base pairs greatly enhances light emission upon excitation with 
UV light, so that disruption of base-pairing results in a marked decrease 
in the amount of light emitted per bound molecule (Higuchi et a/., 1992, 
Biotechnology 10 413). 

20 Use of fluorescence emission by EtBr for determining the 

presence of PCR product by Higuchi ef a/., 1992, supra was subsequently 
applied to the real-time monitoring of PCR product formation (Higuchi ef 
a/., 1993, Biotechnology 11 1026). In this latter method, (EtBr) was added 
to PCR reactions to provide a fluorescence signal suitable for real-time 

25 monitoring of the formation of DNA product. 

With regard to (2), the first application of melt curve analysis 
was restricted to detecting the "end-point" formation of a PCR product, as 
disclosed in JP 3-147796A. According to this reference, the presence of a 
specific double-stranded PCR product could be distinguished from 

30 "background" polynucleotide sequences. This involved increasing the 
temperature while measuring either:- 
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(i) a fluorescence signal emitted by DNA-bound 
Ethidium Bromide (EtBr); or 

(ii) measuring an absorbance signal in the absence of 
EtBr; 

5 as the PCR product conformation changed from double-stranded to single 
stranded. The absorbance signal resulted from the PCR product DNA 
absorbing a portion of incident light, usually 260 nm light, the absorbance 
being measured by a spectrophotometer. The absorbance of 260 nm light 
by single stranded DNA is greater than that by double-stranded DNA. 
1 0 This reference therefore defined two types of "melt curve" :- 

(i) a Fluorescence (F) vs Temperature (T) melt curve, 
constructed by plotting a fluorescence signal, 
measured from the EtBr reporter molecule added to 
the DNA samples, against temperature; and 
15 (") an Absorbance (A) vs Temperature (T) melt curve 

constructed by plotting absorbance measurements, in 
the absence of a reporter molecule, against 
temperature. 

All of the methods applicable to (1) and (2) were essentially 
20 restricted to determining the presence or absence of a specific PCR 
product, or providing a semi-quantitative indication of the amount of PCR 
product formed. 

The first use of melt curves as a means of comparing 
polynucleotide sequences, as in (3), is provided in European patent 

25 application EP 71 1 840. In this reference, the DNA analysed was in single- 
stranded form and the method was limited to single-stranded sequences 
capable of substantial internal base-pairing. According to this reference, 
single-stranded DNA "samples" were derived from PCR products 
amplified from a HLA-DQA1 locus of unknown haplotype. The melt curves 

30 obtained from these single-stranded DNA samples of unknown HLA-DQ1 
haplotype were then compared with melt curves obtained from single- 
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stranded DNA molecules corresponding to each known HLA-DQ1 
haplotype, in order to identify the haplotype of each sample. This 
reference also contemplated the use of either A vs T or F vs T melt 
curves as disclosed in JP 3-147796. 
5 Reference may also be made to Ririe et a/., 1997, Anal. 

Biochem. 245 157 in which it was shown that distinct double-stranded 
DNA PCR products could be distinguished not only by comparing melt 
curves, but also by comparing data derived therefrom, such as T m values. 
A microvolume fluorimeter integrated with a thermal cycler (Light Cycler, 

10 Idaho Technology, USA) was used to monitor PCR product formation 
either during amplification, or as an "end-point" product, by measuring 
light emitted by the fluorescent reporter molecule SYBR Green I, which 
displays greater selectivity for DNA and more enhanced fluorescence 
when bound to double-stranded DNA compared to EtBr. 

15 By comparing the amount of fluorescence emitted (F) versus 

temperature (T), Ririe et at., 1997, supra created F vs T melt curves, 
characteristic of particular PCR products. Furthermore, melt curves could 
be mathematically analyzed to provide the negative derivative of the 
curve function, which could be plotted as a -dF/dT vs T melt curve to 

20 provide: - 

(i) a peak from which a T m value could be derived; and 

(ii) a peak which could be integrated to provide an upper 
limit to the ratio of specific product to total product. 

This method provided rapid analysis of samples in as little 
25 as 15 minutes, which far surpasses electrophoretic and hybridization 
methods which routinely take hours or days. 

As a result, Ririe et a/., 1997, supra could discriminate 
between the PCR fragments amplified from markedly different loci, for 
example a 536 bp fragment of the human p globin gene and a 180 bp 
30 fragment of the Hepatitis B virus surface antigen gene, by visual 
comparison of either F vs T melt curves or -dF/dT vs T melt curves, or 
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according to T m values derived therefrom. Furthermore, mixtures of the 
two products provided a composite F vs 7 melt curve which nevertheless 
could be resolved into distinct -dF/dT vs T melt curves and distinct T m 
values (Ririe etal., 1997, supra). 
5 This method was predicted to be capable of discriminating 

between very similar polynucleotide sequences indicative of genotype. A 
simple example proposed by Ririe et al. t 1997, supra, was in the case 
where a heterozygote possesses two allelic forms of a single locus. DNA 
fragments which were PGR amplified from the heterozygotic locus would 

10 comprise a mixed population of heteroduplexes and homoduplexes as a 
result of each cycle of denaturation and re-annealing during PGR. In this 
regard, heteroduplex DNA comprises single strands with partially 
complementary nucleotide sequences due to limited differences in 
nucleotide sequence or "base-pair mismatches", which strands anneal to 

15 form double-stranded DNA notwithstanding base-pair mismatches. It was 
proposed that in principle, it should be possible to distinguish the 
heteroduplex DNA from the relevant homodupiex DNA by virtue of their 
exhibiting different melt curves, the heteroduplex having a lower T m than 
the homodupiex. 

20 In a subsequent confirmation of this prediction, it was shown 

using melt curve analysis that a heteroduplex with a three base-pair 
mismatch could be distinguished from the relevant homodupiex DNA 
(LightCycler. Methods and Operations Manual, Idaho Technology). 

In this regard, reference is also made to International 

25 Publications WO97/46707, W097/46712 and W097/46714 which 
disclose apparatus and methods applicable to fluorescent monitoring of 
DNA amplification, such as provided by the LightCycler These 
publications disclose both real-time and end-point monitoring of PCR 
reactions, quantitation of PCR products by melt curve analysis, and the 

30 use of fluorescently-labeled hydrolysis probes, fluorescence energy 
resonance transfer (FRET) probes, and SYBR Green ! and EtBr in melt 
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curve analysis. 

In WO97/46707, the usefulness of reporter molecules such 
as SYBR Green I in genotyping based on discrimination between 
homozygotes and heterozygotes is reiterated (as originally reported in 
5 Ririe et a/., 1997, supra). An example is provided where a common cystic 
fibrosis mutation comprising a 3 base pair deletion is detected by melt 
curve analysis. However, an admitted intrinsic limitation of this method is 
that it cannot distinguish between homozygous wild-type and 
homozygous mutant individuals. 

10 Thus, W097/46714 has proposed the superiority of 

sequence-specific fluorescence energy transfer (FRET) hybridization 
probes for genotyping applications. This technique relies on the use of a 
labeled probe with a specific sequence which differentially hybridizes to 
wild-type and mutant allelic sequences, differential hybridization resulting 

15 from base-pair mismatches with either the mutant or wild-type sequence. 
The exquisite sensitivity of this method in discriminating between similar 
DNA molecules allowed the detection of single-base differences between 
allelic forms of single genetic loci. Unlike melt curve analysis based on 
discrimination between heteroduplexes and homoduplexes, this method 

20 allows discrimination between heterozygote, homozygote wild type and 
homozygote mutant individuals. This was shown for the factor V Leiden 
mutation (a single G to A base change) and a common point mutation in 
the human methylenetetrahydrofolate (MTHFR) gene. 

In summary, genotyping by melt curve analysis of double- 

25 stranded DNA has proceeded along two lines:- 

(i) identification of allelic differences between 
heterozygotes and homozygotes by detection of 
heteroduplex formation; and 

(ii) detection of known mutations through base-pair 
30 mismatches between a fluorophore-labeled 

hybridization probe and either a wild-type or mutant 
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allelic sequence resulting in T m differences. 
In both cases, these methods have fundamentally relied on 
detecting melt curve differences or similarities resulting from the 
respective presence or absence of base-pair mismatches. Thus, prior art 
5 genotyping has focussed exclusively on detecting melt curve and T m 
differences between only those polynucleotide sequences which 
represent known allelic forms of a single locus. 

OBJECT OF THE INVENTION 
The present inventors have sought to extend the range of 
1 0 polynucleotide sequences available to genotyping by melt curve analysis. 
In many cases, methods which produce polynucleotide sequences useful 
in genotyping actually produce a multiplicity of polynucleotide sequences. 
Furthermore, the nucleotide sequence composition of such polynucleotide 
sequences, and any differences therebetween, may not be known or 
1 5 predictable in advance. 

Based on the prior art, it would be expected that melt curve 
comparisons of samples containing a variety of polynucleotide sequences 
would be extremely difficult, because of the likelihood that multiple -dF/dT 
vs T melt curves and T m values would be obtained from such samples. In 
20 particular, it would be expected that resolution of statistically significant 
differences between samples having multiple similar -dF/dT vs T melt 
curves and T m values would be overly complicated and potentially 
inaccurate. 

Surprisingly, the present inventors have found that multiple 
25 polynucleotide sequences do not necessarily produce correspondingly 
complex -dF/dT vs T melt curves or multiple T m values derived therefrom, 
and that melt curves or T m values so derived may be utilized to compare 
genotypes. In contrast to what might have been expected from the prior 
art, the present inventors have found that each polynucleotide sequence 
30 in a sample does not necessarily produce a distinct -dF/dT vs T melt 
curve or T m value derived therefrom. 
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It is therefore an object of the present invention to provide a 
method of comparing individuals and/or groups of individuals according to 
genotype, which method does not suffer from the limited applicability of 
prior art methods. 
5 SUMMARY OF THE INVENTION 

The present invention therefore resides in a method of 
comparing genotypes, said method including the steps of> 

(i) producing two or more samples, each of which 
includes two or more double-stranded polynucleotide 

10 sequences representative of a genotype of an 

individual or group of individuals; 

(ii) adding a fluorescent reporter molecule to the 
samples produced in step (i); 

(iii) modulating temperature whereby a conformation of 
15 said two or more double-stranded polynucleotide 

sequences is altered, and measuring a signal 
emanating from said reporter molecule, which signal 
changes as the conformation of said one or more 
double-stranded polynucleotide sequences is altered; 
20 (iv) using the signal measured in (iii) to construct a single 

-dF/dT melt curve corresponding to the two or more 
polynucleotide sequences; and 
(v) comparing respective single -dF/dT melt curves, or 
single T m values derived from each melt curve, in 
25 order to identify a genetic relationship between each 

said individual or group of individuals. 
The method of the invention is therefore suitable for 
comparing the genotype of any individuals or groups of individuals to 
assess the genetic relationship therebetween. Preferably, these would be 
30 cellular biological entities, such as animals, plants and bacteria, but most 
preferably would be cereal plants. The term "group" in this context 
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encompasses any collection of two or more individuals. Typical examples 
of such groups apparent to the skilled addressee would include strain, 
cultivar, breed, race, species, genus, family, order, class, phylum, 
kingdom and subgroups thereof. 
5 In this regard, "a genetic relationship" refers to any kind of 

relationship that can be determined to exist between said individuals or 
groups of individuals compared by the method of the invention, whether 
the relationship be one of genetic identity, similarity, or dissimilarity. 

The term "polynucleotide sequence" as used herein 
10 designates RNA, cDNA or DNA. Double-stranded polynucleotide 
sequences could therefore comprise pairs of RNA, DNA or cDNA single 
strands in any combination. A skilled addressee will appreciate that cDNA 
is complementary DNA produced from an RNA template by the action of 
reverse transcriptase. Furthermore, if the RNA template has been 
15 processed to remove introns, the cDNA will not be identical to the gene 
from which the RNA was transcribed. 

Preferably, said two or more double-stranded polynucleotide 
sequences would be produced by PCR amplification. Other suitable 
polynucleotide sequence amplification techniques well known to the 
20 skilled addressee, such as strand displacement amplification (SDA) and 
rolling circle replication (RCR), could also be applied. Alternatively, said 
two or more polynucleotide sequences could be obtained by purifying 
fragments of restriction enzyme digested genomic DNA, cDNA, plasmid, 
bacteriophage, phagemid, cosmid or yeast artificial chromosome vectors 
25 containing said one or more polynucleotide sequences. This approach 
could include generating an array of polynucleotide fragments by 
restriction-enzyme digestion, as in RFLP analysis (Nathans & Smith, 
1975, Ann. Rev. Biochem. 46 273 hereinafter incorporated by reference). 

Thus, said two or more polynucleotide sequences may be 
"representative of a genotype" by corresponding to regions of DNA, or 
RNA. In this regard, it will be understood by a skilled person that said two 
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or more polynucleotide sequences could correspond to one or more 
regions of the genome of an RNA virus. 

Preferably, said two or more polynucleotide sequences 
correspond to one or more regions of genomic DNA; these might be 
5 regions of genomic DNA selected on the basis of known polymorphism, or 
regions of genomic DNA not selected as such. Regions of DNA not 
selected on the basis of known polymorphism could be prepared by 
amplification of a template using techniques such as RAPD (Williams et 
a/., 1990, Nucl. Acid. Res. 18 6531 and Welsh & McClelland, 1990, Nucl. 

10 Acid. Res. 18 7213; herein incorporated by reference) and AFLP (Vos et 
a/., 1995, Nucl. Acid. Res. 23 4407; herein incorporated by reference) 
which randomly amplify a plurality of polynucleotide sequences to create 
a "fingerprint" useful in genotyping. 

In many cases, techniques such as RFLP, RAPD, AFLP and 

15 techniques which amplify microsatellite and ribosomal repeat sequences 
generate two or more polynucleotide sequences, and are therefore 
particularly applicable to the invention. An example of genotyping using 
amplified microsatellite (wheat WMS44) and ribosomal (Rrn5 locus of 
cereals) repeat sequences, together with bush rat samples generated by 

20 RAPD, is provided hereinafter. 

It should also be noted with the aforementioned in mind, that 
"two or more polynucleotide sequences" includes, for example, two or 
more allelic forms of a locus, even where a nucleotide sequence 
difference between each allele is a single base. 

25 Suitably, the signal changes in response to an alteration in 

conformation of said two or more polynucleotide sequences. In this 
regard, conformation refers to the aspect of three-dimensional structure 
resulting from complementary base-pairing. Complementary bases of 
single-stranded polynucleotide sequences pair to produce double- 

30 stranded polynucleotide sequences, or pair to produce internally base- 
paired single stranded polynucleotide sequences according to base- 
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pairing rules. 

In DNA, the complementary bases are:- 

(i) AandT 

(ii) C and G. 

5 In RNA, the complementary bases are: 

(i) AandU 

(ii) C and G. 

It will be understood by the skilled person that under 
conditions favouring complementary base-pairing, polynucleotide 
10 sequences will be substantially double-stranded. Under conditions that 
prevent or disrupt complementary base-pairing, polynucleotide 
sequences will be substantially single-stranded and lacking in internal 
base-pairing. 

Accordingly, as used herein "modulating temperature 

15 whereby a conformation of said two or more double-stranded 
polynucleotide sequences is altered" refers to modulating temperature 
such that complementary base-pairing is disrupted. Temperature 
modulation could be performed either by starting from a temperature at 
which base-pairing is substantially prevented or disrupted, preferably 

20 95°C, and decreasing said temperature preferably to 60°C. or by starting 
at a temperature at which base-pairing is substantially favoured, 
preferably 60°C, and increasing said temperature, preferably to 95°C, to 
substantially disrupt base-pairing. Most preferably, said temperature 
would be increased from 60°C to 95°C. 

25 Suitably, the fluorescent reporter molecule is capable of 

binding said two or more polynucleotide sequences and capable of 
providing a fluorescence signal which changes in response to an 
alteration in conformation of said two or more polynucleotide sequences. 

Preferably, the intensity of fluorescence signal emanating 

30 from the fluorescent reporter molecule diminishes in magnitude as a 
double-stranded polynucleotide sequence is altered to a substantially 
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single-stranded conformation. 

Suitably, the fluorescent reporter molecule is selected from 
the group consisting of Chromomycin A3, Pico Green, SYBR Green I, 
Ethidium Bromide, Acridine Orange, Thiazole Orange, and YO-PRO-1. A 
5 discussion of the physico-chemical properties of many of these reporter 
molecules and their relative advantages and disadvantages is provided in 
Fu et a/ M 1991 , Cell 67 1047, which is herein incorporated by reference. 

It will be appreciated SYBR Green I or EtBr are preferred 
reporter molecules. 

10 Most preferably, SYBR Green I is the reporter molecule 

applicable to the method of the invention. SYBR Green I binds DNA and 
provides a fluorescence signal whereby the magnitude of fluorescence 
emitted per molecule of SYBR Green I is greatest when the reporter 
molecule is bound to double-stranded DNA. 

15 Measurement of said signal provided by the fluorescent 

reporter molecule could be performed by a device such as a fluorimeter, 
or by a flow cytometer. Preferably, detection would be performed by a 
fluorimeter capable of modulating temperature and handling multiple 
samples simultaneously. For example, detection may be performed using 

20 the LightCycler apparatus manufactured and sold by Idaho Technology, 
ID USA. 

In such a case, increasing temperature leads to the 
disruption of base-pairing and thus alter the conformation of said one or 
more polynucleotide sequences from double-stranded to substantially 

25 single-stranded, and result in a decrease in the magnitude of fluorescent 
signal provided by the DNA-bound fluorescent reporter molecule. 

Initially, signal measurements may be used to first construct 
an F vs T melt curve, from which is derived a -dF/dT v T melt curve such 
as shown in FIG. 2 and FIG. 4. Preferably, the -dF/dT melt curve has a 

30 single resolvable peak which is used to establish a single T m value as 
shown in TABLE 1 , TABLE 3 and TABLE 4. In some cases, a -dF/dT melt 
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curve may display two resolvable peaks. In such cases, the peak 
occurring at a higher temperature rather than a lower temperature is used 
to derive a single T m value. The rationale is two-fold: (i) the higher 
temperature corresponds to the temperature at which substantially all of 
5 the polynucleotide sequences have melted; and (ii) experimental results 
described hereinafter have suggested that the majority of polynucleotide 
sequences melt at the higher temperature rather than the lower 
temperature. Thus a single T m value derived from the higher temperature 
peak would appear to be more generally representative of the 

10 polynucleotide sequences in the sample. 

Comparison of respective -dF/dT vs T melt curves can also 
be performed visually. However, particularly in cases where there are 
small differences between curves, derivation of T m values and comparison 
thereof is the preferred means whereby melt curves can be accurately 

15 compared. The generation of F vs T and -dF/dT vs T melt curves, T m 
values, and comparisons therebetween are performed as hereinafter 
described. 

Preferably, the graphical, mathematical and statistical 
operations applicable to the method of the invention are performed by 

20 utilizing a computer together with appropriate software. An example of 
preferred methods of statistical analysis and computer software 
applicable thereto is provided hereinafter. 

It will be appreciated that the method of the invention has a 
number of possible applications. It could be used to compare the 

25 genotypes of two or more individuals or groups of individuals simply to 
determine whether they are identical, distinct or perhaps related, without 
regard to establishing identity. A more refined application would be where 
melt curves derived from one or more unknown individuals or groups of 
individuals are compared with melt curve "standards" representative of 

30 the genotypes of known individuals or groups of individuals. This latter 
application would allow a skilled addressee to establish the identity of the 
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unknown individual or group of individuals. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1; Agarose gel electrophoresis of samples containing PCR 
products amplified from cereal Rrn5 ribosomal repeat locus. 
5 FIG. 2: Representative -dF/dT vs T melt curves for each sample in 
FIG. 1. 

FIG. 3: Agarose gel electrophoresis of samples containing PCR 
products amplified from wheat WMS 44 microsatellite locus, 

10 FIG. 4: Representative -dF/dT vs 7 melt curves for each sample in 
FIG. 3. 

FIG. 5: Agarose gel electrophoresis of samples containing RAPD 
fragments amplified from genomic DNA of individual bush 
rats. 

15 EXPERIMENTAL 
MATERIALS AND METHODS 

1.1 PCR amplification of 5S Ribosomal sequences 

1.1.1 Template 

Genomic DNA preparations from rye, rice, wheat, maize 
20 oats and barley were obtained using a modified CTAB method (Graham 
et a/., 1994, Biotechnology 16 48). 100 ng of template was used per PCR 
reaction. 

1.1.2 Primers 

Non-species specific consensus primers for the Rrn5 gene 
25 were synthesized according to SEQ ID NO:1 (forward) and SEQ ID NO:2 
(reverse). 

Each primer was used at 0.55 ^M per PCR reaction. 

1.1.3 Thermal Cycling 

PCR was performed using a LightCycler (Idaho Technology, 
30 Idaho USA) using the following conditions: 15 seconds at 94°C followed 
by 35 cycles each comprising a ramp to 94°C for 0 seconds, ramp to 56°C 
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for 0 seconds and then a ramp to 72°C for 30 seconds; these 35 cycles 

were then followed by a hold at 72°C for 30 seconds. Each PCR reaction 

comprised a 10 ul volume including 50 mM Tris-HCI pH 8.3, 2 mM MgCI 2 , 

0.5 mg/ml bovine serum albumin, 200 pM each dNTP and 0.4 Units Taq 
5 polymerase. Each reaction also included SYBR Green I (Molecular 

Probes) at a 1:50,000 of the concentration provided by the manufacturer. 

12. PCR product analysis 

10 ul of each reaction was analysed on a 2.0% agarose gel 

stained with 0.5 ug/ml EtBr and PCR products visualized under UV light. 
10 Each reaction was subjected to melt curve analysis as described below. 

21 PCR amplification of WMS44 microsatellite sequences 

2.1.1 Template 

Genomic DNA was obtained from the seedling tissue of 5 

common wheat varieties: Gamenya, Halbert, Cunningham, Molineux, and 
15 Chinese Spring,, and two wheat/rye hybrids Tiga and Tahara, using the 

CTAB method as above. 100 ng of each template was used per PCR 

reaction. 

2.12 Primers 

Primers based on sequences flanking the wheat 
20 microsatellite region WMS44 (Roder et a/., 1995, Mol. Gen. Genet. 246 
327-333), this region defined by the repeat sequence (GA) 20l were 
synthesized according to SEQ ID NO:3 (forward) and SEQ ID NO:4 
(reverse). 

21.3 Thermal cycling 

25 PCR was performed using a PE 9600 Gene Amp Thermal 

Cycler (Perkin Elmer, Foster City, CA, USA), using the following 
conditions: 35 cycles of 96°C for 1 minute, 60°C for 1 minute and 72°C for 
2 minutes, after which samples were held at 72°C for 10 minutes. Each 
PCR reaction comprised a 25 pi volume including 10 mM Tris-HCI, 1.5 

30 mM MgCI 2 , 50 mM KCI, 200 uM each dNTP and 0.4 Units Taq 
polymerase. 
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2.2. PCR product analysis 

10 |il of each PCR reaction product was analyzed by 10% 
polyacrylamide gel electrophoresis, and separated DNA fragments were 
visualized by staining with 0.5 pg/ml EtBr and viewing under UV light. 
5 In some cases, PCR generated fragments were sized by 

capillary electrophoresis using an ABI 310 Prism genetic analysis system 
(Applied Biosystems, Foster City, CA USA). The forward primer of the 
WMS44 primer pair was synthesized with a 5'-FAM label to generate 
fragments for this analysis. Samples were injected using a 5 second 
10 duration into a 20 cm capillary and separated under standard running 
conditions. Fragments were sized using the local Southern sizing method 
provided with the instrument. 
3. RAPD analysis of bush rat DNA 

3. 1 Template 

15 Preparation of genomic DNA from seven individual bush rats 

(Rattus fuscipes greyii) was performed as described in Campbell et a/., 
1995, Mol. Ecol. 4 407 which is herein incorporated by reference. 

3.2 Primer 

The primer used was primer A9 (Operon Technologies, 
20 Alameda CA) having the nucleotide sequence according to SEQ ID NO:5. 

3.3. Thermal cycling 

RAPD reactions were performed in 10 pi volumes 

containing:- 

1 ng/pl template; 
25 400 nM primer; 

250 ng/ml BSA; 

1 Unit Taq polymerase; 

1 x 30 mM MgCI 2 reaction buffer (Idaho Technologies); 
50 mM each dNTP; and 
30 1 :25000 dilution SYBR Green I. 

Cycling conditions for RAPD reactions are as per Skroch & 
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Nienhuis, 1992, The Rapid Cyclist 1 9-10, which is herein incorporated by 
reference. Briefly, amplification is divided into two steps:- 

(i) 1 minute at 92°C; 7 seconds at 42 °C and 70 seconds 
at 72°C for 2 cycles; and 
5 (ii) 1 second at 92°C; 7 seconds at 42°C and 70 seconds 

at 72°C for 38 cycles, followed by 4 minutes at 72°C. 
3.4 RAPD product analysis 

Amplification products were analyzed by electrophoresis on 
a 1 % agarose gel. Separated DNA fragments were visualized by staining 
1 0 with EtBr and viewing under UV light. 
4- Melt curve analysis 

DNA melt curve analysis was performed using a LightCycler 
apparatus (Idaho Technology, Idaho Falls, ID, USA). The LightCycler 
uses glass capillaries as a reaction vessel and cuvette allowing for rapid 
15 temperature modulation and homogeneous reaction conditions (Wittwer 
et a/., 1997, Biotechnology 22 176). 

SYBR Green I was used as the reporter molecule, and 2 pi 
of a 1:50,000 dilution was added per 10 pi of PCR reaction. Maximal 
excitement of SYBR Green I occurs at 497 nm with a secondary excitation 
20 peak at 254 nm; the fluorescence emission peak is centred at 520 nm. 

Fluorescence emission by SYBR Green I was measured 
during a temperature increase from 60°C to 95°C at a transition rate of 
0.1 °C per second, with a fluorescent acquisition duration of 20 
milliseconds for the Rrn5 measurements, and 3 milliseconds for the 
25 WMS44 measurements. 

The conditions applicable to fluorescence monitoring of 
RAPD samples involved a 1:25000 dilution of SYBR Green I in each 
sample together with a temperature increase from 50°C to 92°C at the 
rate of 0. 1 °C per second. 

30 Fluorescence emission (F) data and temperature (7) was 

converted to a melt curve (F vs 7), and the negative derivative of the melt 
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curve plotted against temperature {-dF/dT vs 7). T m values were obtained 
from the peak of the -dF/dT vs T curve. All melt curves, and information 
derived therefrom, were generated by software accompanying the Light 
Cycler. Post-hoc analyses of T m values and the differences therebetween 
5 were performed using the Statistica V4 for Windows program (Statsoft, 
Tulsa, OK, USA). 

All melt curve analyses were performed using samples 
obtained from "end-point" PCR reactions. All analyses were replicated 
three times using separate reaction mixes. 

10 RESULTS AND DISCUSSION 

Ribosomal genes are commonly used in genotyping, 
particularly in plants. The identification of cereal plant varieties based on 
polymorphic 5S ribosomal (Rrn5) gene sequences using gel 
electrophoresis and hybridization has been previously described (Ko et 

15 a/., 1994, J. Cereal Res. 19 101). The Rrn5 gene family exists as tandem 
repeats of well conserved units of 120 base pairs each, each unit 
separated by a variable spacer region. The spacer may differ in length 
and in the number of copies of repeat units, this variation occurring 
between and within species. Species-specific PCR-amplification products 

20 were obtained by using consensus primers based on the conserved 5S 
coding region. 

Amplification products from each species tested are shown 
in FIG. 1. Rye produced a major -400 bp product, however each of the 
other species produced an array of products, with no particular major 

25 product. Rice, wheat and maize were most similar in respect of the 
amplified products resolved by gel electrophoresis, which was reflected 
by melt curve analysis. Melt curves were used to derive the -dF/dT vs T 
curves shown in FIG. 2, and T m values calculated from the curves in FIG. 
2 are shown in TABLE 1 . 

30 Visual inspection and comparison of each curve in FIG. 2 

provided qualitative evidence that barley was distinct from all other 
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species. Also, the double peak evident for maize and rye (FIG. 2) 
distinguished these species from others. 

The T m values shown in TABLE 1 provided another type of 
information obtainable from the curves in FIG. 2. Each melt curve analysis 
5 was performed three times, -dF/dT vs T curves were derived from each 
(FIG. 2), and mean T m values together with standard deviations derived 
therefrom. 

The statistical significance of the T m differences is 
expressed as a Least Significance Difference using letter codes. 

10 According to this code, T m values that are not significantly different are 
indicated by shared letters, whereas T m values which are significantly 
different share no letters. 

With reference to the data in TABLE 1 , barley was clearly 
distinguishable from each of the other species, and rye was significantly 

15 different to oats on the basis of T m . However, the distinction between 
maize and wheat or rice evident from FIG. 2 was not reflected by 
comparison of Tm values. Thus, this is an example where a qualitative 
inspection of respective -dF/dT v T curves can provide useful genotyping 
information not provided by a comparison of T m values. 

20 Based on these data, genotyping by melt curve analysis was 

capable of distinguishing between a variety of related cereal species. 
However, subsequent experiments also revealed this method of 
genotyping to be capable of distinguishing at the sub-species level. 

Microsatellite or simple sequence repeats (SSR) are highly 

25 variable and ubiquitously expressed non-coding regions interspersed 
throughout eukaryotic genomes. PCR primers based on conserved 
regions of genomic DNA flanking microsatellites therefore provide a 
means of amplifying microsatellite regions from a wide variety of plants 
and animals. Microsatellite analysis is particularly valuable for genotypic 

30 organisms where genetic variation is low. Furthermore, due to the 
extreme variability of microsatellite sequences, differences in 
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microsatellite PCR products can be used to distinguish between groups of 
individuals within a species. The present inventors have used the WMS44 
microsatellite sequence found in the genome of wheat to discriminate 
between five different wheat cultivars and two wheat/rye hybrids (Triticale 
5 varieties) as a demonstration of sub-species genotyping by melt curve 
analysis. 

Analysis of PCR-amplification products by PAGE revealed a 
typical array of fragments ranging in size from approximately 92 bp to 445 
bp (FIG. 3), probably due to the presence of multiple priming sites in the 

10 complex hexaploid genome of wheat (Roder et a/., 1995, supra). Each 
variety tested, except the non-hexaploid Triticale varieties Tig a and 
Tahara, exhibited a -180 bp fragment, as well as a number of other 
variably sized bands. Each -180 bp fragment was purified and sized by 
capillary electrophoresis, the exact size of each being listed in TABLE 2. 

15 The Chinese Spring 182 bp fragment was used as a 

reference, and sequencing of this 182 bp fragment revealed a "stutter 
peak" typical of microsatellites amplified from wheat (Plashke et a/., 1995, 
Theor. Appl. Gen. 91 1001). Capillary electrophoresis is an example of a 
state-of-the-art electrophoretic method used in genotyping, however, the 

20 method requires highly specialized equipment, is technically difficult and 
is time consuming. This method provided useful genotypic information in 
respect of five of the seven samples tested, and was able to distinguish 
four different genotypes. 

The array of WMS44 microsatellite amplification products 

25 shown in FIG. 3 were subjected to melt curve analysis for all varieties 
except Chinese Spring. The -dF/dt v T curves are shown in FIG. 4, and 
the T m values derived therefrom are shown in TABLE 3. 

It was evident from these results that melt curve analysis 
was powerful enough to distinguish between:- 

30 (i) cultivars sharing limited genetic relatedness, such as 

the wheat/rye hybrids Tiga or Tahara and each of the 
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wheat cultivars; and 
(ii) genotypes at the sub-species level, for example, the 

wheat cultivars Molineux and Gamenya or Halbert. 
In this regard, melt curve analysis was comparable to state 
of the art electrophoretic methods such as capillary electrophoresis. 
However, the advantage of melt curve analysis is that it can be performed 
more quickly and with considerably less technical difficulty. 

The present inventors have shown from this example that 
the smallest distinguishable difference based on T m alone was 0.8°C, 
which corresponded to a 2% change in G + C content for a given 
sequence length and salt concentration. Improvements in reporter 
molecules, instrumentation and analysis methods should even further 
improve this high level of resolution in the future. 

The experiments using RAPD as a means of randomly 
15 amplifying genomic DNA further demonstrate the power of the method of 
the invention. The RAPD fragments shown in FIG. 5 were generated 
using a PCR primer of arbitrary sequence, without regard to any known or 
predictable sequence polymorphism(s) in the seven individual bush rats 
tested. As can be seen clearly in FIG. 5, multiple RAPD products were 
20 generated. 

Six of the seven samples (corresponding to rats #3-8)were 
then subjected to melt curve analysis in triplicate, together with a negative 
control containing all reaction components except template. 

Each replicate analysis yielded a single -dF/dT vs T melt 

25 curve, with none of the melt curves having more than one resolvable 
peak. The data in TABLE 4 show the T m values derived from each melt 
curve, together with a mean and standard deviation for respective 
samples corresponding to each individual rat tested. One way analysis of 
variance indicated significant differences in T m estimates attributable to 

30 rat genotype differences (significant in cases where p < 0.0500; actual 
value of p = 0.005342) and least significant difference testing indicated 
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which pairwise differences were significant (TABLE 5). 

To test the possibility that fluctuations in the concentration 
of template present in RAPD reactions led to the observed T m differences, 
the template concentration was varied over a 100-fold range. T m 
5 estimates ranged from 84.30°C to 84.79°C with a mean and standard 
deviation of 84.45°C± 0.20°C. The uniformity of measured T m over such a 
wide template concentration range supported the conclusion that 
differences in derived T m values reflected nucleotide sequence 
differences between RAPD samples, and were not merely due to 

10 quantitative variations between samples. 

A key and unexpected finding from all of the experiments 
disclosed herein was that although there were multiple amplification 
products present in all samples (see FIGS. 1, 3 and 5), these multiple 
products produced a single -dF/dT vs T melt curve having a single peak 

15 for each sample except the cereal species maize and rye (FIG. 2), which 
each provided a melt curve having a pair of resolvable maxima or peaks. 
It must be noted that overall, there was no correlation between the 
number of resolvable peaks and the number of PCR-generated DNA 
fragments present in a sample. 

20 In the case of maize and rye, the peak which occurred at the 

higher temperature was chosen for derivation of a T m value, as it was at 
this higher temperature that the melting transition occurred for the 
majority of the DNA in these samples. It seems that some DNA fragments 
in the maize and rye samples were sufficiently different in their properties 

25 to show two resolvable maxima. Maize DNA fragments probably shared 
greater sequence homology and GC content than did rye DNA, as their 
major melt curve peaks were similar despite differences in DNA fragment 
sizes (FIG, 1). In contrast, the PCR products in oat, rice, wheat and 
barley samples produced melt curves with single peaks, probably 

30 because the PCR products shared similar nucleotide sequence and GC 
content. 
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In all cases, a single T m value was calculable, which 
enabled genetic relationships to be determined between cereal species 
(TABLE 1), wheat cultivars and wheat/rye hybrids (TABLE 3) and 
individual bush rats (TABLE 4). 
5 This result was not expected in light of Ririe et a/., 1997, 

supra, where a mixed sample containing distinct PCR products was 
resolved into distinct -dF/dT vs T peaks and T m values corresponding to 
each PCR product. The results of Ririe et a/., 1997, supra had suggested 
that melt curve analysis would be restricted to comparing a single DNA 
10 fragment with another DNA fragment, where such fragments were 
substantially different in terms of nucleotide sequence. It was contended 
that the limit of this technology would be at the level of comparing 
heteroduplex DNA with homoduplex DNA, each corresponding to allelic 
forms of a particular polymorphic locus (Ririe et a/., 1997, supra). 
15 Accordingly, all of the prior art experimental evidence supporting melt 
curve analysis in genotyping has focussed on the discrimination of allelic 
sequences of one or a few nucleotides, this discrimination relying on 
detecting base-pair mismatches between differing sequences (see in 
particular, W097/46714). This is particularly evident where discrimination 
20 is achieved by identifying distinct homoduplex and heteroduplex DNA- 
derived melt curves in a sample obtained from a heterozygote, or 
detecting a single homoduplex DNA-derived melt curve in a sample 
obtained from a homozygote. Such an approach has not lent itself to melt 
curve analysis of samples containing polynucleotide sequences having 
25 unknown potential for exhibiting sequence polymorphisms, even more 
particularly when the samples contain multiple different polynucleotide 
sequences. 

In contrast, the present inventors have shown that melt 
curve analysis can be applied to the comparison of samples comprising 
30 multiple polynucleotide sequences, such as generated by PCR 
amplification of microsatellites, RAPD, AFLP or even RFLP. In many 
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cases, the precise nature of the sequence polymorphisms detectable by 
the method of the invention are unknown. Such a method would be 
impossible if genotypic differences were restricted to those known to be 
manifestable as a base-pair mismatch detectable by melt curve analysis. 
5 Major attractions of genotyping by the method of the 

invention are its simplicity and speed, analyses being complete within 
minutes of obtaining the samples for melt curve analysis. Other detection 
technologies such as fluorescence energy transfer (see for example WO 
97/46714), molecular beacons (Tyagi & Kramer, 1996, Nature 

10 Biotechnology 14 303), or fluorescent probe hybridization (Wittwer et a/., 
1997, In: Gene Quantification, Ed. Ferre, F, Birkhauser , NY; and also 
W097/46714) are also sensitive, and in some cases can provide 
quantitative results. However, all are demanding in terms of complexity, 
time, cost and portability. 

15 The method of this invention is applicable to the study of 

any entities that possess a genome. Examples of these genotyping 
applications could be in the area of inherited human disease, detecting 
pathogens, viral typing and identification, genotyping for organ 
transplantation, food analysis and selective breeding of plants and 

20 animals. The simplicity of the technology, and the relatively compact 
apparatus used for melt curve analysis (together with the potential for 
miniaturization), make it possible that the method of genotypic analysis 
could be used "in the field". This portability would be particularly useful 
for genotyping crop species and commercially bred animals in remote 

25 areas away from the sophisticated laboratory facilities normally required 
for genotyping. 
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TABLES 



TABLE 1 Genotypic comparisons of cereal plant species according to 



Species 


X CO) ± SD 


2 LSD 


Barley 


83.4 ± 1.3 




Oat 


85.5 ± 0.2 


a 


Maize 


86.4 ± 0.1 


ab j 


Wheat 


86.5 ± 0.4 


abc 


Rice 


86.5 ± 0.2 


abc 


Rye 


86.9 ± 0.0 


be 



TABLE 2 Size comparison of the major WMS44 microsatellite 
amplification product in five wheat strains and two wheat/rye 
hybrids 



CULTIVAR 1 


FRAGMENT SIZE (BASE PAIRS) 


Tiga 


absent 


Tahara 


absent 


Gamenya 


172 


Halbert 


172 


Cunningham 


186 


Molineux 


186 


Chinese Spring 


182 
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TABLE 3 Genotypic comparison of four wheat cultivars and two 
wheat/rye hybrid cultivars according to T m 







LSD 2 


Tahara 


82.4 ± 0.5 


a 


Tiga 


82.8 ±0.3 


ab 


Gamenya 


83.3 ±0.4 


be 


Halbert 


83.5 ±0.1 


bed 


Cunningham 


83.8 ± 0.5 


cde 


Molineux 


84.3 ±0.7 


e 



TABLE 4 Summarized T m estimates for RAPD samples. 



SAMPLE 


Expt 1 


Expt 2 


Expt 2 


T m (°C)±SD 


Rat #3 


83.47 


84.48 


84.28 


84.07 ± 0.53 


Rat #4 


83.14 


84.13 


83.94 


83.73 ± 0.52 


Rat #5 


82.84 


82.70 


83.21 


83.25 ± 0.83 


Rat #6 


83.63 


| 83.49 


84.00 


83.71 ± 0.26 


Rat #7 


84.46 


84.27 


84.39 


84.37 ±0.10 


Rat #8 


85.26 


85.08 


85.19 


85.18 ± 0.09 


Negative control 


82.62 


82.80 


82.95 
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TABLE 5 Pairwise comparisons of individual bush rats according to 
1 LSD testing of T m values 2 





Rat#4 ; 


Rat#5 


Rat#6 , 


Rat*7 


Rat#8 


Rat #3 


0.39641 


0.05375 


0.35741 


0.45768 


0.01475 


Rat #4 




0.23202 


0.93942 


0.12550 


0.00290 


Rat #5 






0.26038 


0.01319 


0.00033 


Rat #6 








0.11026 


0.00252 


Rat #7 










0.05984 
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LEGENDS 

TABLE 1 

1 Average of three replicates 

2 Species sharing the same letter are not significantly different at 
5 p=0.05 

TABLE 2 

1 Tiga and Tahara are wheat/rye hybrids 
TABLE 3 

1 Average of three replicates 
10 2 Cultivars sharing the same letter are not significantly different at 
p=0.05 

3 Tiga and Tahara are wheat/rye hybrids. 
TABLE 5 

1 Least Significant Differences test where statistically significant 
15 differences between individual rats are evident when p < 0.0500. 

2 T m values used in calculating p were identical to the mean T m 
values shown in TABLE 4. 

FIG. 1 

PCR amplified products from six cereal plant species. Sequences were 
20 amplified using consensus primers to conserved regions of the 5S 
Ribosomal RNA locus in cereal plants. 10 pi of each sample was 
subjected to 2% agarose gel electrophoresis and visualized under UV 
light after EtBr staining. O = oat; R = rice; M = maize; W = wheat; Ry = 
rye; B = barley. Std = molecular size standards consisting of a 50 bp 
25 ladder. Major 500 bp and 250 bp standards are indicated. 
FIG. 2 

-dF/dT vs T curves derived from the melt curves for each sample shown 
in FIG. 1. Fluorescence acquisition duration was 20 milliseconds with a 
temperature ramp from 60-95°C at 0.1 °C per second. -dF/dT vs T curves 
30 were derived from melt curves using a sample loading of eight, points to 
average setting of 15 and no baseline subtraction. 
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FIG. 3 

Variability in PCR fragments amplified from WMS44 microsatellites from 
five wheat cultivars and two wheat/rye hybrids. 10 pi of each PCR 
reaction was subjected to 10% PAGE and visualized under UV light after 
5 staining with EtBr. M = molecular size standards consisting of a 50 bp 
ladder; 50 bp, 250 bp and 500 bp standards are indicated. Gam = 
Gamenya] Hal = Halbert, Cun = Cunningham; Tig = Tigara\ Tah = Tahara, 
Mol = Moiineux. Tig and Tah are the wheat/rye hybrids. 
FIG. 4 

10 -dF/dT vs T melt curves for the PCR fragments amplified from WMS44 
microsatellites from the four wheat cultivars and the two wheat/rye hybrids 
in FIG. 3. Fluorescence acquisition duration was 3 milliseconds with a 
temperature ramp from 60-95°C at 0.1 °C per second. -dF/dT vs T melt 
curves were derived from melt curves using a sample loading of seven, 

1 5 points to average setting of 20 and no baseline subtraction. 
FIG. 5 

Agarose gel electrophoresis analysis of RAPD products for each of seven 
bush rats. The lanes from left to right are as follows: (1) 100 bp ladder; (2) 
rat #3; (3) rat # 4; (4) rat #5; (5) rat #6; (6) rat #7; (7) rat #8; and (8) rat 
20 #9. 
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SEQUENCE LISTING 



<110> Southern Cross University 

Grains Research and Development Corporation 

<120> A Method of Genotyping 

<130> henry-shep 

<140> 

<141> 

<150> PO 8824 
<151> 1997-08-29 

<160> 5 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Non 

species - specif ic primer for amplifying cereal Rrn5 
ribosomal locus 



<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Non 

species -specif ic primer for amplifying cereal Rrn5 
ribosomal locus 



<210> 3 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer for 
amplifying wheat WMS44 microsatellite locus 



<400> 1 

tgggaagtcc tcgtgttgca 



20 



<400> 2 

tttagtgctg gtatgatcgc 



20 
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<400> 3 

gttgagcttt cagttcggc 

<210> 4 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer for 
amplifying wheat WMS44 microsatellite locus 

<400> 4 

actggcatcc actgagctg 

<210> 5 
<211> 10 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: A9 Primer 
(Operon Technologies) 

<400> 5 
gggtaacgcc 
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CLAIMS 

1 . A method of genotyping including the steps of:- 

(i) producing two or more samples, each of which 
includes two or more double-stranded polynucleotide 

5 sequences representative of a genotype of an 

individual or group of individuals; 

(ii) adding a fluorescent reporter molecule to the 
samples produced in step (i) 

(iii) modulating temperature whereby a conformation of 
10 said two or more double-stranded polynucleotide 

sequences is altered, and measuring a signal 
emanating from said reporter molecule, which signal 
changes as the conformation of said one or more 
double-stranded polynucleotide sequences is altered; 

15 (iv) using the signal measured in (iii) to construct a single 

-dF/dT melt curve corresponding to the two or more 
polynucleotide sequences; and 
(v) comparing respective single -dF/dT melt curves, or 
single T m values derived from each melt curve, in 

20 order to identify a genetic relationship between each 

said individual or group of individuals. 

2. The method of Claim 1 wherein respective single T m values 
are compared at step (v) in order to identify a genetic relationship 
between each said individual or group of individuals. 

25 3. The method of Claim 1 or Claim 2, wherein the 

polynucleotide sequences indicative of genotype are produced by 
polynucleotide sequence amplification techniques. 
4. The method of Claim 3, wherein the polynucleotide 

sequence amplification technique is polymerase chain reaction (PCR). 

30 5. The method of Claim 4, wherein PCR involves Random 

Amplification of Polymorphic DNA (RAPD). 
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6 - The method of any one of Claims 1-5, wherein the 
polynucleotide sequences indicative of genotype have repetitive 
sequence elements. 

7 - The method of Claim 6, wherein the polynucleotide 
sequences indicative of genotype have at least one microsatellite repeat 
sequence. 

8 - The method of Claim 7, wherein the microsatellite repeat 
sequence corresponds to the WMS44 microsatellite locus. 

9 - Tne method of Claim 6, wherein the polynucleotide 
sequences indicative of genotype have at least one ribosomal repeat 
sequence. 

10. The method of Claim 9, wherein the ribosomal repeat 

sequence corresponds to the Rrn5 ribosmal repeat. 
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